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が 127 %，カナダが 258 %，フランスが 129 %など，いわゆる農業大国においては食料
自給率が100 %を超えていることがわかる。その他の先進国においても，ドイツが92 %，


















































熱量ベースで 39 %，生産額ベースで 64 %となっている。図 1-2のように，50年前の
1965年度には，それぞれ 73 %，86 %であったことから見るとその低下度合いは著し
い。特に，供給熱量ベースでの低下が大きい一因としては，食生活の西洋化に伴って
肉食が好まれるようになったものの，それらの肥育に当たっては専ら輸入飼料が投与



























ける野菜の食料自給率は，アメリカ 91 %，カナダ 55 %，フランス 78 %，ドイツ 41 %，
イギリス 40 %，イタリア 136 %となっており，日本の 79 %という数字は決して低い値
ではない（表 1-1）。それにも拘らず全体の食料自給率が 39 %という数字になる一因
（平成 26年度食料自給率について（農林水産省，2015a）より作成） 





























































アメリカ 118 93 165 91 77 114 103 104 69 79 97 
カ ナ ダ 202 124 293 55 16 131 95 92 98 11 231 
ド イ ツ 103 124 7 41 28 113 70 119 21 141 76 
スペイン 73 61 11 175 135 128 115 75 56 55 99 
フランス 176 127 86 78 62 102 98 128 29 212 99 
イタリア 76 54 33 136 108 79 100 66 22 23 46 
イギリス 101 87 47 40 5 69 91 81 50 59 51 
オーストラリア 291 81 229 81 82 147 99 142 29 184 124 







穀 類 いも類 豆 類 野菜類 果実類 肉 類 卵 類 魚介類







































表 1-2 指定野菜の生産に要する投下労働時間（2001年産） 
（平成 13年産品目別経営統計（農林水産省，2001a）より作成） 
【根菜類】 バレイショ※ サトイモ ダイコン ニンジン
育苗（種子予措） 0.7 7.5 - - 
は種・定植 5.7 17.9 5.4 4.7
施肥 2.5 4.6 3.3 3.5
薬剤散布 5.2 2.4 4.4 2.8
収穫 12.9 27.6 30.8 24.6
調製 - 32.4 18.0 19.2
出荷労働 2.9 34.4 22.8 24.0
その他の作業 1.4 33.8 24.4 38.5
合計 31.3 160.6 109.0 117.3
※バレイショは2004年産の数字を使用した
（単位：h/10a）
【葉茎菜類】 タマネギ ネギ キャベツ ハクサイ レタス ホウレンソウ
育苗 8.0 17.7 5.6 5.9 11.9 - 
は種・定植 24.0 44.6 15.4 16.0 21.0 9.1
施肥 2.8 12.4 5.2 6.4 3.5 4.5
薬剤散布 3.9 18.3 5.8 8.6 4.8 2.8
収穫 16.5 48.5 23.4 30.6 32.0 68.2
調製 12.1 139.8 2.8 8.6 13.4 98.5
出荷労働 21.1 85.0 18.1 23.3 42.7 62.2
その他の作業 16.3 51.0 13.8 20.8 32.0 21.4
合計 104.8 417.3 90.0 120.2 161.3 266.5
【果菜類】 トマト ナス キュウリ ピーマン
育苗 62.7 22.4 32.1 37.1
は種・定植 48.0 28.4 38.5 35.7
施肥 22.3 32.8 25.5 24.0
薬剤散布 41.0 39.0 26.2 31.6
収穫 282.0 536.9 419.3 628.5
調製 20.0 46.4 13.1 13.2
出荷労働 98.0 136.8 241.0 63.5
その他の作業 333.2 601.9 366.1 284.9































































































































































































































類 44 %，根菜類 40 %，果菜類 16 %，産出額においては葉茎菜類が 41 %，根菜類が








































































































































































最も時間を要していることがわかる。長ネギは前掲の表 1-2 によれば，10a あたりの
投下労働時間が 417時間と他品目に比べて多く，なかでも調製作業が 140時間，選別





























図 1-7 コメと指定野菜（うち根菜類と葉茎菜類）における投下労働時間の比較 
33 31 
161 





































草丈は 1 m近くに達し，葉鞘部の長さは 40 cm程度になる。栽培様式は，葉身部が扇


























































































































































































































































































































































































写真 2-2 自動根部切断機構による根部切断の様子（暗視画像） 
（全自動調製機におけるサブルーチンとして動作） 

















































では，根部切断，剥皮，葉部切断の順に装置を構成することとした（図 2-4）。  



































































































写真 2-3 自動剥皮機構の外観 





























































































図 2-7 剥皮開始位置判定装置の概要 






















































































































































全 長 [m] 3.2 
全 幅 [m] 2.0 
全 高 [m] 1.7 
質 量 [kg] 600 
作業要員数 [名] １ （前処理および供給） 
最大処理能力 [本/h] 720 




表 2-1 全自動長ネギ調製機（試作１号機）の主要諸元 
















































































株重 213.6 g（同 22.2 %），全長 102.2 cm（同 6.4 %），葉鞘長 30.4 cm（同 8.3 %），













563 本/(h･人)とばらつきがあるものの平均すると 499 本/(h･人)であった（表 2-2）。 
実証を行った生産法人において熟練作業者による慣行作業を調査した結果，包丁を
用いた根部切断が平均 3.1 s/(本･人)（n=219），市販の剥皮機（(株)クボタ KF-62）



























































（本） （min） （本/h） 適正 不足 過ぎ 適正 不足 過ぎ
491 11 0 407 42 53 34
91.6 2.1 0.0 75.9 7.8 9.9 6.3
305 8 0 269 25 19 20
91.6 2.4 0.0 80.8 7.5 5.7 6.0
277 32 519 - - - - - - - -
517 68 456 - - - - - - - -
319 35 547 - - - - - - - -
273 0 4 246 18 13 1
98.2 0.0 1.4 88.5 6.5 4.7 0.4
163 24 408 - - - - - - - -
385 41 563 - - - - - - - -
182 20 546 - - - - - - - -


































































































































































全 長 [m] 4.2 
全 幅 [m] 2.0 
全 高 [m] 1.7 
質 量 [kg] 1100 
作業要員数 [名] ２ （前処理および供給） 
最大処理能力 [本/h] 1200 




第 2 切断機構 ネギ押さえ 兼 投光器 第 1 切断機構 
（上：自動剥皮機構，下：自動根部切断機構） 
写真 2-7 多連化した自動化機構 
表 2-3 全自動長ネギ調製機（試作２号機）の主要諸元 








2612本，作物条件は「夏扇２号」（n=64）で葉数 6.9枚，株重 239.7 g，全長 95.1 cm，
葉鞘長 43.1 cm，葉鞘径 1.9 cm，「長宝」（n=60）で葉数 5.9枚，株重 267.4 g，全長
91.7 cm，葉鞘長 39.6 cm，葉鞘径 2.1 cmであった。一方，大分県での現地実証では，
品種「長悦」と「ホワイトタワー」の２種，供試数 3729本，作物条件は「長悦」（n=60）
で葉数 4.1枚，株重 161.5 g，全長 95.8 cm，葉鞘長 21.7 cm，葉鞘径 1.9 cm，「ホワ
イトタワー」（n=60）で葉数 5.7枚，株重 190.4 g，全長 80.6 cm，葉鞘長 32.5 cm，
























表 2-4 試作２号機の現地実証に供したネギの作物条件 
調査数
（枚） CV（%） （g） CV（%） （cm） CV（%） （cm） CV（%） （cm） CV（%） （本）
夏扇２号 6.9 11.5 239.7 28.5 95.1 6.3 43.1 7.1 1.9 16.0 64
長　宝 5.9 27.1 267.4 33.5 91.7 9.3 39.6 7.8 2.1 16.1 60
長　悦 4.1 21.3 161.5 42.0 95.8 6.9 21.7 12.0 1.9 22.8 60
ﾎﾜｲﾄﾀﾜｰ 5.7 20.1 190.4 26.9 80.6 5.2 32.5 8.3 2.2 14.8 60
大分








は「夏扇２号」で 876～986 本/h，「長宝」で 734 本/hと品種によってばらつきがみ
られたものの，平均すると 877 本/hであった（表 2-5）。 








の 40 cmよりも長く，剥皮に時間を要したために設計値の 1200 本/hを下回る値とな
ったが，概ね設計どおりの性能を有することを確認した。 
一方，大分での現地試験においては，供給者２名で調製作業を行った結果，作業能
率は「長悦」で 1052～1261 本/h，「ホワイトタワー」で 944 本/hとなり，平均する
























































（本） （min） 適正 不足 過ぎ 適正 不足 過ぎ
350 23.0 - - - - - - - - -
283 5 3 260 16 15 1 0
96.9 1.7 1.0 89.0 5.5 5.1 0.3 0.0
211 2 0 184 16 13 0 17
91.7 0.9 0.0 80.0 7.0 5.7 0.0 7.4
667 11 22 635 27 38 0 6
94.5 1.6 3.1 89.9 3.8 5.4 0.0 0.8
983 1 30 915 68 31 20 0
95.1 0.1 2.9 88.5 6.6 3.0 1.9 0.0
2人 877







































（本） （min） 適正 不足 過ぎ 適正 不足 過ぎ
700 9 54 26 0
88.7 1.1 6.8 3.3 0.0
598 30.0 - - - - - - - - -
623 30.0 - - - - - - - - -
595 28.3 - - - - - - - - -
372 5 16 358 9 26 16 0
91.0 1.2 3.9 87.5 2.2 6.4 3.9 0.0
124 1 5 118 4 8 6 0
91.2 0.7 3.7 86.8 2.9 5.9 4.4 0.0
424 0 21 400 20 25 12 0
92.8 0.0 4.6 87.5 4.4 5.5 2.6 0.0
107 7 2 103 3 10 3 3































































写真 2-8 ２号機の現地実証における供給作業の様子 
搬送方向 



























剥皮精度（適剥き率）は 86.9 %（同前），製品率は 97.4 %（同前）であった（表 2-5）。
なお，根部切断精度，剥皮精度ともに，供給本数を母数とした割合で求めており，適
正と過不足を加算すると製品率と等しくなる。１号機の試験結果（根部切断精度93.8 %，











































































































































写真 2-9 全自動長ネギ調製機（試作３号機）の外観 
















































全 長 [m] 8.0 （調製機のみ） 
全 幅 [m] 2.0 
全 高 [m] 1.36 
質 量 [kg] 2000 
作業要員数 [名] ３ （前処理および供給） 
最大処理能力 [本/h] 1800 
適応コンプレッサ [kW] 45 
根部切断機構 各４基ずつ搭載 
光電センサによる自動位置判定 剥皮機構 
写真 2-10 全自動長ネギ調製機用選別機 















45 本と仮定すると，１日あたり約 13500 本を処理していた。作業要員は 14 名で，２
人１組で根葉切りと剥皮を行う半自動調製機（(株)マツモト MB-1D）を４台使用した
調製作業を行い，選別（手作業）に２名，箱詰め（手作業）に４名が従事していた。
そのため，各作業工程の能率は調製のみで 241 本/(h･人)，調製と選別で 192 本/(h･
人)，調製・選別・箱詰めで 137 本/(h･人)と算出された。 
一方，３号機（専用選別機を含む）は供給者３名，選別機の監視者１名の計４名で
調製・選別作業が可能であることから，その利用体系の能率を試算すると，調製のみ
で 500 本/(h･人)（慣行比 2.07倍），調製・選別で 375 本/(h･人)（同 1.94倍），調






















































































































写真 2-11 自動剥皮機構排出口に設けた残渣収集用コンテナ 
※プロットは各連数における平均値を示す。 







































① １号機（供給者１名）の作業能率は約 500 本/(h･人)，根部切断の適切り率は約
94 %，剥皮の適剥き率は約 91 %，製品率は約 96 %であった。現地の熟練者による
慣行作業と比較して，作業能率は約 1.5倍，かつ作業精度はほぼ同等の性能を有
することを明らかにした。 






③ ２号機（供給者２名）の作業能率は約 900～1200 本/h，根部切断の適切り率は約
91～95 %，剥皮の適剥き率は約 87 %，製品率は約 96～97 %であった。①の熟練者
による慣行作業と比較して，１人あたりの作業能率は約 1.3～1.7倍に向上し，か
つ作業精度はほぼ同等の性能を有することを確認した。なお，供給者１名で作業
を行ったところ，約 820 本/(h･人)（①の慣行作業と比較して約 2.5倍）という
結果が得られたことから，作業者が調製機の取り扱いに習熟することで慣行作業
に比べ大幅な能率向上が図られる可能性を明らかにした。 






⑤ ３号機（供給者３名＋選別者１名）の作業能率は調製のみで 500 本/(h･人)（現
































































ノズル（(有)ガリュー SGR-90，噴射口径（チューブ内径）：2.5 mm，全長：125 mm，
チューブ材質：ナイロン；写真 3-1）と，慣行ノズル（(株)マツモト製剥皮機 EMMの
ノズル，噴射口径：2.5 mm×２頭口，真鍮製；写真 3-2），面圧力分布測定システム（ニ


























写真 3-1 工業用回転ノズル （(株)ガリュー SGR-90） 













































写真 3-3 面圧力測定システム （ニッタ(株) I-SCAN） 
センサ面との 
距離：1cm 
2cm 3cm 4cm 5cm 6cm 
84mm 
（上段：工業用回転ノズル（ガリュー SGR-90），下段：慣行ノズル（マツモト EMM用）) 
図 3-1 ノズルの種類による噴射圧力分布の差違 
※1) 0.001MPa 未満(白)～0.05MPa 以上(黒)を 13 階調に分けて表示。 
2) データ取得周期 100fps で 3 秒間計測した時のピーク圧力分布を表示。 



































（５反復，20 ℃，１気圧換算で 175.6±1.4 L）であったことから，この一定量の圧
縮空気で処理できる本数を調査して，１本当たりの空気噴射量に換算して比較した。 
調査には埼玉県鴻巣市で収穫した品種「吉蔵」を供試した。葉鞘径と葉鞘長は，回






















































































供試したネギの品種は「夏扇パワー」，作物条件は全長 96.7±5.4 cm，葉鞘長 24.0
±2.1 cm，葉鞘径 20.1±2.2 mm，葉数 6.3±0.7枚であった。 
剥皮作業能率は，試作２号機で 50本を３反復，市販機Ａ，Ｂでそれぞれ 40本を２
反復ずつ連続処理した時の作業時間から求めた。空気噴射量は，気体流量計（アズビ



















性能調査の結果，剥皮作業能率は，試作２号機が平均 623 本/h，市販機Ａが平均 633 
本/h，市販機Ｂが平均 521 本/h であった。また，空気噴射量は，試作２号機が平均
9.8 L/本，市販機Ａが平均 49.8 L/本，市販機Ｂが平均 31.3 L/本であった。 
高能率型の市販機Ａと２号機を比較すると，剥皮作業能率はほぼ同程度であったが，
空気噴射量は約 1/5に節減することができた。また，普及型の市販機Ｂと２号機を比

















[m2]，流速をＶ [m/s]，流量係数をＣ とすると，流量Ｑ は以下の式(3-1)で表せ，ま
た，ベルヌーイの定理より流速Ｖ は式(3-2)で表すことができる。 
 
Ｑ = Ｃ×Ａ×Ｖ      (3-1) 
Ｖ ＝ 2×Ｐ÷ρ       (3-2) 
 
ここでＰ [Pa]は圧力，ρ [kg/m3]は流体密度を表す。 
 
20 ℃，１気圧の空気の密度は 1.20 kg/m3であることから，流体密度 ρ は 0.40 MPa








623 a  9.8 a 
慣行ノズル（市販機Ａ） 
（噴射口径 3.7mm×2 頭口） 
633 a 49.8 b 
慣行ノズル（市販機Ｂ） 
（噴射口径 2.5mm×2 頭口） 
521 b 31.3 b 
※危険率 5%で異文字間に有意差あり 
表 3-1 剥皮作業能率調査の結果 
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0.40 MPaの時 366.3 m/s，0.43 MPaの時 368.9 m/sと求まる。ノズルの噴射口断面積
（Ａ）は，試作２号機が 14.1 mm2，市販機Ａが 43.0 mm2，市販機Ｂが 19.6 mm2である
ことから，流量係数Ｃ を一定として流量Ｑ を比較すると，試作２号機を１とした場
合，市販機Ａが 3.0，市販機Ｂが 1.4 となり，性能試験から得られた結果とは合致し
ない。 
そこで，剥皮作業ごとの空気噴射時間を調査した結果，試作２号機は 1.1±0.4 s，
市販機Ａは 1.6±0.6 s，市販機Ｂは 2.2±0.7 sであった。それぞれの流量に剥皮作
業ごとの空気噴射時間を掛けて求めた空気噴射量を比較すると，試作２号機を１とし

































































































































































0 ＜ D ＜ a：規格外（格外小） 
a ≦ D ＜ b：Ｓ 
b ≦ D ＜ c：Ｍ 
c ≦ D ＜ d：Ｌ 
d ≦ D ＜ e：２Ｌ 




























た品種「吉蔵」を 74本供試し，葉鞘径は 17.5±3.8 mmであった。 
１号機による判別精度調査の結果，光電センサ群を用いた太さ判別装置の正解率は










格外大 2L L M S 格外小 
１号機 
供試本数 （本）  1 19 36 9 6 3 
光電センサ群 85 100 95 86 67 100 33 
レーザ外径計測器 82 0 89 86 67 83 67 
表 3-2 太さ判別装置による判別精度 ① 
写真 3-7 光電センサ群を用いた 
 太さ判別装置 
写真 3-8 レーザ外径計測器を 














450本供試し，葉鞘径は 17.5±1.8 mmであった。 














にあるネギは，１号機による調査では供試数の 32 %，２号機による調査では 19 %存在
した。この範囲内の正解率と，範囲外の正解率をそれぞれ求めると，１号機では 67 %


















格外大 2L L M S 格外小 
２号機 81 
0 26 328 7 3 0 
- 67 85 37 50 - 











































全幅 (m) 1.00 
奥行 (m) 0.65 
全高 (m) 0.80 
質量 (kg) 48 







写真 3-9 高効率長ネギ剥皮選別機（試作３号機）の外観 























































































のものを適用し，調査農家Ａでは 10 mm未満を格外小，10～13 mmをＳ，13～15 mmを
Ｍ，15～20 mmをＬ，20～25 mmを２Ｌ，25 mm以上を格外大として分類した。調査農









家Ｂでは 10 mm未満を格外小，10～16 mmをＭ，16～20 mmをＬ，20～25 mmを２Ｌ，
25 mm以上を格外大として分類した。調査農家Ｃでは 10 mm以下をＳ，10～16 mmを







では，剥皮機 MED-NL（(株)マツモト，ノズル噴射口径：3.7 mm）と，出力 5.5 kWの
エアコンプレッサを使用していた。試験には品種「ホワイトスター」と「夏扇パワー」，
「夏扇４号」を供試し，圧縮空気の圧力は３号機で 0.45 MPa，対照機で 0.6 MPaとし
た。開閉式遮音蓋による作業者耳元騒音の軽減効果を確認するため，騒音計（リオン
(株) NL-22）を用いて，３号機の空気噴射時のピーク値を剥皮作業ごとに記録した。 
(2) 調査農家Ｂ（作業者：男性，81歳，経験年数 28年） 
８月９日～11 月 19 日にかけて，実証試験と性能試験を実施した。普段の剥皮作業
では，剥皮機 MED（(株)マツモト，ノズル噴射口径：2.5 mm×２頭口）と，出力 2.2 kW
のエアコンプレッサを使用していた。試験には品種「夏扇パワー」と「夏扇４号」を
供試し，圧縮空気の圧力は３号機，対照機ともに 0.5 MPaとした。 
(3) 調査農家Ｃ（作業者：男性，69歳，経験年数 13年） 
９月６日，28 日，10 月６日に性能試験を実施した。普段の剥皮作業では，剥皮機
MED-NL（前掲）と，出力 2.2 kW のエアコンプレッサを使用していた。試験には品種
「夏扇３号」と「夏扇パワー」を供試し，圧縮空気の圧力は３号機で 0.3 MPa，対照




３号機の延べ作業日数は 20 日間，処理本数は 45525 本，積算電力量は 207 kWh で
あった。対照機の延べ作業日数は８日間，処理本数は 17775本，積算電力量は 252 kWh
であった。電力消費量を比較すると，３号機が 4.7±1.3 Wh/本，対照機が 14.3±5.5 
Wh/本となり，慣行比は 0.33と約 1/3に低減できることを確認した。 
また，長ネギ約 200本ずつを供試した性能試験の結果，剥皮作業能率は３号機が 730 
本/h，対照機が 604 本/hで，慣行比は 1.21であった。空気噴射量は３号機が 21.3 L/
本，対照機が 46.8 L/本で，慣行比は 0.46であった。太さ判別精度は３号機による機

























３号機の延べ作業日数は 28 日間，処理本数は 44490 本，積算電力量は 201 kWh で
あった。対照機の延べ作業日数は 22 日間，処理本数は 34140 本，積算電力量は 207 
kWhであった。電力消費量を比較すると，３号機が 4.5±1.4 Wh/本，対照機が 6.3±
2.4 Wh/本となり，慣行比は 0.71と約 3/4に節減できることを確認した。 
また，長ネギ約 500本ずつを供試した性能試験の結果，剥皮作業能率は３号機が 506 
本/h，対照機が 498 本/hで，慣行比は 1.02であった。空気噴射量は３号機が 14.2 L/
本，対照機が 17.0 L/本で，慣行比は 0.83であった。太さ判別精度は３号機による機
械判別が 56 %，目視判別が 70 %であった。 
(3) 調査農家Ｃ 
長ネギ約 300 本ずつを供試した性能試験の結果，剥皮作業能率は３号機が 398 本
/h，対照機が 301 本/hで，慣行比は 1.32であった。空気噴射量は３号機が 15.6 L/
本，対照機が 22.0 L/本で，慣行比は 0.71であった。太さ判別精度は３号機による機
械判別が 60 %，目視判別が 62 %であった。  
※エラーバーは±標準偏差を示す。 


















































A 730** 604** 1.21 21.3 46.8 0.46 4.7** 14.3** 0.33 
B 506   498   1.02 14.2 17.0 0.83 4.5** 6.3** 0.71 






















































































図 3-7 エアコンプレッサ出力と調製作業能率（根部切断および剥皮）との関係 
※プロットは平均能率を示す。 













































































































































































できる。電熱ヒータは 200 Wのものを用い，外気温が 5 ℃の場合にノズルカバー内が





















 図 3-8 ノズル加温装置 
























































































いることも事実であり，とりわけ長ネギにおいては 10a あたりの投下労働時間が 417
時間と他品目に比べて多く，なかでも調製作業が 140時間，選別などの出荷労働が 85
















1999 年および 2000 年の天候不順に端を発した生鮮野菜の輸入量急増を受け，日本























































① １号機（供給者１名）の作業能率は約 500 本/(h･人)，根部切断の適切り率は約
94 %，剥皮の適剥き率は約 91 %，製品率は約 96 %であった。現地の熟練者による
慣行作業と比較して，作業能率は約 1.5倍，かつ作業精度はほぼ同等の性能を有
することを明らかにした。 







③ ２号機（供給者２名）の作業能率は約 900～1200 本/h，根部切断の適切り率は約











⑤ ３号機（供給者３名＋選別者１名）の作業能率は調製のみで 500 本/(h･人)（現

























































































れたものの，剥皮機（MP-R，MZ-R，KMZ-R）については 2015年 12月現在で 640台が普
及している。なお，長ネギの剥皮用に開発した高効率剥皮用ノズルを他品目に適用す
る事例もみられるようになり，例えば，ニンニクの鱗茎分離作業に転用したニンニク




































































Development Research of Preparation Device 
for Leaf and Stem Vegetables 
Osamu Fujioka 
Summary 
Food is not only essential for maintaining human life; it is also important for leading a 
healthy and fulfilling life. Japan relies on imports for most of its food, and measures are required 
to ensure a stable supply of food. The food self-sufficiency rate is one of the important indicators 
of food security. Major developed countries maintain a high food self-sufficiency rate, while 
Japan is in the unique position with the self-sufficiency rate stagnating at 39%. Japan had a self-
sufficient supply of vegetables in 1965; however, this reduced over the years in the same manner 
as other items and dropped to 80% in 2014. The self-sufficiency rate of vegetables for Japan is 
not low when compared to other advanced countries. Nevertheless, the reason for the overall low 
food self-sufficiency rate is that the food self-sufficiency rate has been calculated based on the 
calorie supply. Vegetables are considered inferior to meat in terms of supporting life as they 
contain a large amount of water, but vegetables are important sources of dietary fibers, vitamins, 
minerals, etc., which prevent lifestyle diseases, and hence, they are essential for maintaining 
health. 
The Ministry of Agriculture, Forestry and Fisheries classified 14 vegetables as 
important for people’s life. They are working to promote these vegetables by encouraging the 
regions that produce them to grow these vegetables. In 2014, these 14 items of vegetables 
constituted 66% of the vegetable production and 65% of the total output value, making them 
representative of the vegetable production in Japan. In terms of production volume, leaf and stem 
vegetables contribute to 44% of the total vegetables produced; root vegetables are 40% and fruit 
vegetables are 16%. In terms of output value, leaf and stem vegetables contribute to 41%; root 
vegetables are 22% and fruit vegetables are 37%. These indicate that leaf and stem vegetables 
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occupy an important position in the vegetable production of Japan. All the designated vegetable 
items require a lot of time for post-harvest work. In particular, leaf and stem vegetables require 
labor-intensive work such as preparation and shipment, increasing the added value. Therefore, 
there is a strong demand from the production sites to reduce labor by making use of 
mechanization. 
Mechanization of the harvesting and preparation process for leaf and stem vegetables 
is making progress. Research and development is in progress, with the aim of reducing labor and 
simplifying labor-intensive tasks. However, the fact is that, even the production of items for 
which machines have been developed takes 3–8 times longer than the production of rice; it is 
also more labor-intensive. Welsh onion is a typical example. The time required for the output of 
10a of welsh onion is 417 h, which is high compared to the production of other items; 140 h is 
required for the preparation process and 85 h is required for shipping operations such as sorting. 
These processes take up 54% of the total time required. Therefore, there is a strong demand from 
the production sites to reduce labor. 
In this study, the objective was to develop automation technology for root cutting and 
peeling operations during the preparation process of welsh onion, which requires skill. 
Automation technology would help reduce labor and increase efficiency. We also aimed to save 
the energy required to operate the air compressor that supplies compressed air for peeling, as 
well as achieve higher efficiency by reducing air consumption and improving efficiency. 
 
1. Development of the full automatic welsh onion trimmer to achieve higher performance 
We worked on the development of two automation mechanisms with the objective of 
reducing the labor required for root cutting and peeling during the preparation process of welsh 
onion. The first was an automatic root cutting mechanism that automatically determines the 
appropriate cutting position and cuts the root. The second was an automatic peeling mechanism 
that automatically determines the appropriate peeling start point and leaf sheath thickness so that 
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peeling can be performed with compressed air of an appropriate pressure. In addition to 
developing the full automatic welsh onion trimmer installed with these automatic mechanisms, 
we also sought to conduct studies for developing a high performance machine with the automatic 
mechanism mentioned above to process multiple ones simultaneously. 
We developed an automatic root cutting mechanism that uses transmitted light and an 
automatic peeling mechanism that uses a peeling duct, and created the first prototype unit of a 
full automatic welsh onion trimmer incorporating these mechanisms. The following were the 
findings of the on-site verification of the first unit. 
(1) The work efficiency of the first unit (fed by one person) was approximately 500 pieces per 
hour·by one person, the root cutting accuracy was approximately 94%, the peeling accuracy 
was approximately 91%, and the product rate was approximately 96%. The working efficiency 
was 1.5 times that of a skilled worker following customary practices; it was shown that the 
working accuracy was almost the same. 
(2) The noise reaching the operator could be reduced to 87 dB(A) in the first unit, and the unit 
was found to be effective in preventing accidents such as loss of hearing due to the injection 
of compressed air. 
In order to improve the performance of the first prototype unit of the full automatic welsh 
onion trimmer, a second prototype unit capable of processing two welsh onions simultaneously 
was manufactured. The following were the findings of the verification test of the second unit 
conducted in the welsh onion producing regions of Akita and Oita prefectures in Japan. 
(3) The work efficiency of the second unit (fed by two persons) was approximately 900–1200 
pieces per hour, the root cutting accuracy was about 91–95%, the peeling accuracy was about 
87%, and the product rate was about 96–97%. The working efficiency by one person improved 
to 1.3–1.7 times that of a skilled worker following customary practices; it was confirmed that 
the working accuracy was almost the same. Moreover, as the result obtained was 
approximately 820 pieces per hour·by one person (approximately 2.5 times the customary 
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practices); it was indicated the possibility of achieving significant performance improvement 
when the operator becomes proficient in handling the machine. 
(4) The noise reaching the operator could be reduced to 88 dB (A) in the second unit, and the 
unit was found to have adequate soundproofing while performing the same continuous work 
as the first unit. 
Since the effectiveness in improving the performance by using multiple automatic mechanism 
devices was confirmed, a third unit with four devices of the automatic mechanism and a 
dedicated sorter were manufactured to conduct studies for developing a practical system. The 
following were the findings of the verification test of the third unit conducted in the welsh onion 
producing regions of Aomori prefecture in Japan. 
(5) The working efficiency of the third unit (fed by three persons and sorted by one person) was 
500 pieces per hour by person for trimming only (2.07 times that of common practice), and 
375 pieces per hour by one person (1.94 times the same) for trimming and sorting. Moreover, 
the result was 187 pieces per hour by one person (1.36 times the same) when the packing 
process was also included (trimming, sorting, and packing), and it was shown that the 
performance of whole the preparation works could be improved. 
 
2. Development of the high efficiency welsh onion peeler with sizer for the investment energy 
reduction 
We developed a high-efficiency peeling nozzle with both high performance and low air 
consumption to reduce the energy consumed by the air compressor for welsh onion peeling. We 
also developed a size identification device to ensure that an inexperienced operator can achieve 
the same level of size identification achieved by an experienced operator to reduce the human-
caused variation in sorting. We thus aimed to develop a high-efficiency welsh onion peeler 
equipped with the mentioned nozzle and identification device. 
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The following were the findings of the studies conducted for the application of the 
industrial rotary nozzle that can extend the working range of compressed air to welsh onion 
peeling work. We also determined the effectiveness of the nozzle in saving the injected air 
quantity. 
(1) We tried using of the industrial rotary nozzle (which can be made to work with compressed 
air over a wide range) for welsh onion peeling. It was confirmed that the air consumed for 
processing of welsh onion, when compared to the air consumed by the traditional nozzle, could 
be reduced to half from the results of studies conducted by equipping the first prototype unit 
with this nozzle. 
(2) We developed a high-efficiency peeling nozzle for welsh onion by improving the industrial 
rotary nozzle. The results of the performance tests conducted by equipping the second 
prototype unit with this nozzle showed that the peeling work efficiency was approximately 
620 pieces per hour, almost the same as that of commercial high performance type machine, 
and the air consumption reduced to approximately 1/5. In addition, the peeling work efficiency 
improved by 20%, with the air consumption reduced to approximately 1/3 that of commercial 
common type machine. 
(3) We designed a simultaneous peeling and sorting mechanism, and in the performance tests 
conducted by equipping the first and second prototype units with this mechanism, the results 
indicated a good differentiation accuracy, with a class sorting accuracy rate of 80% for both 
units. 
These results indicated that it was possible to improve the working efficiency and reduce air 
consumption with the use of the high-efficiency peeling nozzle. It is considered that a smaller air 
compressor can be selected when introducing the equipment for the first time or when replacing 
the equipment. This would lower the initial investment and reduce the running costs such as 
power charges. Further, it was shown that the class sorting of welsh onion can be performed 
simultaneously with the peeling work by using the size identification device. Since mechanical 
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sorting is used, skill is not required and the reduced sorting accuracy due to the employment of 
inexperienced workers can be controlled. 
The following were the findings when a third prototype unit equipped with the high-efficiency 
peeling nozzle and size identification device was manufactured and used at the production site 
over a longer period to verify their respective performances. 
(4) The peeling work efficiency improved by 2–32% compared to that when employing 
traditional equipment. The injected air quantity reduced to 46–83% of the quantity used in the 
traditional equipment. The power required to run the air compressor was reduced to 33–71% 
compared to the power required to run the compressor in the traditional equipment. 
(5) When mechanical sorting using the size identification device was compared with human 
sorting by an experienced worker, the average sorting accuracy was 64% by mechanical 
sorting, and 68% by human sorting. There was no significant difference between them. 
(6) The easy operation and finished condition after peeling received positive feedback from the 
workers who were asked for their opinion, when the peeling work was done using the high-
efficiency peeling nozzle. Further, class sorting using the size identification device was shown 
to help inexperienced workers sort with an accuracy close to that of experienced workers; 
however, there were requests for improving the handleability. 
(7) The on-site verification results showed that the high-efficiency peeling nozzle tube turned 
hard at low temperatures, resulting in unstable rotations. We designed a nozzle heating device 
to solve this problem. 
 
3. Practical application of the development machine 
The full automatic welsh onion trimmer was commercialized by the joint research 
company Matsumoto in 2002. It is widely used by individual farmers and the joint facility for 
grading and shipping of JA, contributing to the reduction in the labor required for welsh onion 
production. The number of full automatic welsh onion trimmers commissioned is not many, as 
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they will be used in joint grading and shipping facilities set up by JA to accept post-harvest work 
from the region under its jurisdiction. However, separating the labor required for post-harvest 
works from the farmers has significantly contributed to the promotion of the production regions 
such as increasing the scale of welsh onion production area. 
Further, the high-efficiency welsh onion peeler equipped with the high-efficiency 
peeling nozzle has been also commercialized by the joint research company Matsumoto in 2011 
and has gained popularity among individual farmers. The practical application for the size 
identification device was not considered as it is difficult to handle, but 640 units of the peeling 
machine have been installed as of December 2015. Moreover, the high-efficiency peeling nozzle 
after development has been employed in the garlic separation machine used for separating garlic 
bulbs, and 141 units are in use. The nozzle is also being widely used for other applications in 
addition to the preparation process of welsh onion. 
 
4. Effect and impact of the development machine 
The full automatic welsh onion trimming machine plays an important role along with 
the self-propelled welsh onion harvester in the plan to strengthen the production regions, to 
oppose the proliferation of imported vegetables. In particular, an opportunity was created to 
popularize the semi-automatic preparation machine that simultaneously performs root and leaf 
cutting operations along with peeling, when until this point, only the peeling machine was the 
center of the work structure. This has contributed in raising production capacity of all the 
production regions, which is a major outcome of the present study. The full automatic welsh 
onion trimmer with multiple automatic mechanical devices were introduced at the joint facilities 
of grading and shipping, allowing farmers to concentrate on cultivation management and rising 
its quality and increase production volume. This contributes to not only an increase in the 
production output within the jurisdiction, but it also has a broader effect in that it contributes to 
prolific production promotion. 
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On the other hand, it was observed that the high-efficiency welsh onion peeling machine 
was effective in not only saving energy, but also effective in increasing the performance; the 
number of installed machines is steadily increasing. Increasing the number of peeling machines 
installed using the existing compressor has become possible, leading to an improvement in the 
processing capacity. This helps in significantly contributing to the production scale expansion of 
the farmers and the production regions. Further, the high-efficiency peeling nozzles described 
above have been used in applications of many other items, for example, separation of garlic bulbs 
and cleaning of yam. 
 
5. Future prospects of the development machine 
The full automatic welsh onion trimmer can perform root cutting and peeling with high 
performance and accuracy. Shared usage in the shipping facilities of the production regions can 
also be considered, to promote the expansion of the production scale by individual farmers with 
the separation of labor for the post harvesting processes. This will facilitate further reduction of 
the production costs. 
At the same time, large quantities of residues are ejected along with the preparation 
process, and there are concerns that additional costs may be required to disposal such residues. 
Technology to disposal the residues at low cost have to be developed, or new ideas for making 
effective use of these leftovers are required. 
Further, a higher capacity compressor to supply compressed air for peeling may be 
required for the increased production quantity; there is a risk that the energy required to run the 
compressor may increase, and the cost of the facility and equipment may increase. Therefore, 
methods to improve the energy efficiency even when the device is increased in size have to be 
developed in the future, by examining the applications of the high-efficiency peeling nozzle. 
The problem for which a fundamental solution could not be found during the course of 
this research was the noise generated during peeling. It is technically difficult to reduce the noise 
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caused by the injection of compressed air. Therefore, methods for reducing noise have to be 
studied by examining methods of peeling that combine compressed air and other techniques. In 
addition, there is a need to study methods of eliminating noise actively, for example using active 
noise control technology. 
Agricultural workers' average age are rapidly aging in Japan, and hence, the demand 
for technology will increase in the future in order to reduce labor and for development of assist 
machines with high accuracy to ensure that the performance of inexperienced workers is at par 
with the experienced workers. We expect that the full automatic welsh onion trimmer and the 
high-efficiency peeler with sizer developed in this study will be one of the effective solutions that 
will help meet this demand. We also expect that this technique will not only be used for reducing 
labor for single tasks as mentioned in the previous section, but also for promoting energy saving 
and low cost technology for the entire production region. 
In recent years, there has been an increase in the amount of Japanese food being 
exported overseas, and various studies are being conducted to promote the exports of fresh 
vegetables produced in Japan. The search to expand exports of the agricultural products for entire 
Japan has begun with the previous TPP outline agreement received. Perishables can now be 
shipped to distant locations with the development of transportation and freshness technologies, 
but preparation machines are essential for producing agricultural products with a higher added 
value to match the transportation costs. Moreover, it is considered that these are required from 
the epidemiological point of view as well, such as plant protection and microbial contamination 
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